Data Extraction: One reviewer extracted information from eligible articles into evidence tables, and another reviewer checked the tables. Disagreements were resolved by consensus.
Data Synthesis:
No study has directly examined the effect of screening asymptomatic patients with exercise tolerance testing on coronary heart disease outcomes or risk-reducing behaviors or therapies. Multiple cohort studies demonstrate that screening exercise tolerance testing identifies a small proportion of asymptomatic persons (up to 2.7% of those screened) with severe coronary artery obstruction who may benefit from revascularization. Several large prospective cohort studies, conducted principally in middleaged men, suggest that exercise tolerance testing can provide independent prognostic information about the risk for future coronary heart disease events (relative risk with abnormal exercise tolerance testing, 2.0 to 5.0). However, when the risk for coronary heart disease events is low, most positive findings will be false and may result in unnecessary further testing or worry. The risk level at which the benefits of additional prognostic information outweigh the harms of false-positive results is unclear and requires further study.
Conclusions:
Although screening exercise tolerance testing detects severe coronary artery obstruction in a small proportion of persons screened and can provide independent prognostic information about the risk for coronary heart disease events, the effect of this information on clinical management and disease outcomes in asymptomatic patients is unclear. See related article on pp ⅷⅷⅷ-ⅷⅷⅷ.
C
oronary heart disease is the leading cause of death in the United States. Each year, more than 1 million Americans experience nonfatal or fatal myocardial infarction or sudden death from coronary heart disease. Coronary heart disease can also present as angina, but only 20% of acute coronary events are preceded by long-standing angina (1) . An estimated 1 to 2 million middle-aged men have asymptomatic but physiologically significant coronary artery obstruction, which puts them at increased risk for coronary heart disease events (2, 3) . The economic burden of coronary heart disease is also substantial. The direct and indirect costs of coronary heart disease in the United States are projected to total $129.9 billion for 2003 (1) . The clinical and economic impact of coronary heart disease is the basis for considerable public health interest in the development of effective strategies to reduce the incidence of coronary heart disease events.
In 1996, the U.S. Preventive Services Task Force considered the use of resting electrocardiography or exercise tolerance testing to detect asymptomatic coronary artery disease and prevent coronary heart disease events (4) . The Task Force found insufficient evidence to recommend for or against using these tests to screen middle-aged and older men and women. They recommended against screening children, adolescents, or young adults.
To update the evidence review and recommendations on screening for asymptomatic coronary artery disease, the Task Force and the Agency for Healthcare Research and Quality requested that the RTI International-University of North Carolina Evidence-based Practice Center perform an updated evidence review beginning in 2001. The complete review considers resting electrocardiography, exercise tolerance testing, and electron-beam computed tomograHeart Study or other cohort studies (7) . The second strategy involves supplementation of screening based on traditional risk factors with additional tests to provide further information about future risk for coronary heart disease or to detect severe blockages of the coronary arteries that might warrant treatment.
Detection of increased risk for future coronary heart disease events may lead to intensified use of risk-reducing treatments. Some risk-reducing treatments are directed at traditional risk factors (for example, therapy with statins for hyperlipidemia), whereas others are not (for example, aspirin therapy). Revascularization by using coronary artery bypass graft surgery or percutaneous coronary intervention seeks to treat blockages of the coronary arteries. Whether revascularization will reduce the risk for coronary heart disease events in persons identified by screening is unknown.
Exercise tolerance testing is widely used as a diagnostic test in the initial evaluation of patients with symptoms suggestive of myocardial ischemia and in persons with previously recognized coronary heart disease. Although exercise tolerance testing has been applied and studied as a screening or prognostic test in asymptomatic persons, its utility in this group is controversial. The best measure of the value of screening exercise tolerance testing would come from studies that examined whether patients randomly assigned to undergo such tests had fewer coronary heart disease events or received more appropriate risk-reducing therapies than did patients assigned to receive treatments after standard risk factor assessment.
Such direct evidence is not available. However, indirect evidence suggests that screening exercise tolerance testing may be helpful in guiding medical management (8) . In the Multiple Risk Factor Intervention Trial Research study, high-risk male participants were randomly assigned to receive a multimodal intervention to reduce cardiovascular risk or usual care. Among participants with an abnormal baseline result on exercise tolerance testing, those who received the intervention had a significantly lower rate of mortality from coronary heart disease during follow-up than did the group that received usual care. No effect was seen among men with a normal baseline result on exercise tolerance testing. It is not clear from the report of this post hoc analysis whether the cardiovascular risk profiles of participants with an abnormal result on exercise tolerance testing at baseline differed significantly from those of participants with a normal result.
Because direct evidence on possible benefits of screening exercise tolerance testing is lacking, we used data from observational cohort studies to examine whether screening exercise tolerance testing could detect clinically significant asymptomatic obstructions of the coronary arteries or provide greater independent prognostic information about the risk for future coronary heart disease events than would be obtained solely by standard history, physical examination, and measurement of traditional risk factors. We also sought information about harms of screening, including the likelihood of false-positive results and the effect of labeling a person as being "at high risk."
METHODS

Literature Review
To identify the relevant literature, we searched the MEDLINE database from 1966 through February 2003 by using the exploded Medical Subject Headings coronary heart disease, exercise test, and mass screening and the keywords asymptomatic and screening. We limited the search to English-language articles on human subjects. To supplement our literature searches, we hand-searched the bibliographies of key articles, used other recent systematic reviews when available, and included references provided by expert reviewers that had not been identified by other mechanisms.
Study Eligibility and Data Abstraction
Two reviewers examined the abstracts of the articles identified in the initial MEDLINE search and selected a subset for a full-text review. The same reviewers examined the full text of the selected articles to determine final eligibility. One reviewer extracted information from eligible articles into evidence tables, and another reviewer checked the tables. They resolved disagreements by consensus.
To be eligible, studies had to have been performed in participants with no history of cardiovascular disease or to provide subset analysis for this group. Included studies on the detection of severe coronary artery obstruction reported the total number of persons screened to obtain the sample of persons with an abnormal result on exercise tolerance testing and the proportion of persons who were found to have coronary heart disease on angiography. The yield of exercise tolerance testing screening was determined by dividing the number of participants found to have abnormal results on angiography by the total number screened.
For the prognostic benefit of exercise tolerance testing, included studies reported the independent value of the test for predicting coronary heart disease events. We included studies that examined the prognostic benefit of exercise testing by using several different variables, including STsegment depression, functional capacity, chronotropic incompetence, heart rate recovery, and development of exercise-induced premature ventricular contractions. We also included studies that used nuclear medicine imaging to detect ischemia. We excluded studies that did not use statistical methods to control for the effect of other risk factors (such as age or systolic blood pressure) on the estimate of the prognostic strength of a positive result on exercise tolerance testing. Table 1 shows information on excluded studies.
The studies used different means of characterizing the prognostic benefit of screening with exercise tolerance testing. Many studies reported outcomes in terms of independent relative risk associated with a positive (versus a negative) screening test. Others used diagnostic test terminology, such as "sensitivity and specificity" or "posi-tive predictive value." In such cases, the terms are used to indicate test accuracy over the entire follow-up period rather than at 1 point in time.
To assess whether a relationship exists between sensitivity of exercise tolerance testing for future coronary heart disease and duration of follow-up, we examined the correlation between reported sensitivity and mean duration of follow-up by using Stata statistical software, version 7.0 (Stata Corp., Chicago, Illinois).
Data Summary and Quality Assessment
We rated the quality of the included articles according to criteria developed by the U.S. Preventive Services Task Force Methods Work Group (9) . For the studies shown in Table 2 , we considered several factors that affect quality, chiefly the percentage of patients with a positive result on exercise tolerance testing who underwent catheterization and how completely outcomes were assessed. We used the final set of eligible articles to create evidence tables and produce the larger evidence report, which also included evaluation of resting electrocardiography and electronbeam computed tomography to detect coronary calcium. The full evidence report was subjected to external peer review and was revised on the basis of the comments received; we used the revised report as the basis for this article. Tables 3 and 4 show information only from studies judged "good."
Role of the Funding Agency
This evidence report was funded through a contract to the RTI-University of North Carolina Evidence-based Practice Center from the Agency for Healthcare Research and Quality. Staff of the funding agency contributed to the study design, reviewed draft and final manuscripts, and made editing suggestions.
DATA SYNTHESIS
We identified 713 articles for review. We reviewed the abstracts and retained 55 articles that examined the diagnostic or prognostic significance of screening with exercise tolerance testing. After full article review, we kept 31 articles representing 29 studies that met the inclusion criteria (10 -40) . We identified another 11 articles for inclusion through review of reference lists and input of expert reviewers (8, (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) . Table  1 lists articles that were excluded during review of the full articles and the reason for exclusion .
We found no studies that directly tested whether screening asymptomatic persons with exercise tolerance testing improves coronary heart disease and mortality. Similarly, we found no studies that examined the effect of screening with exercise tolerance testing on the subsequent use of risk-reducing interventions and behaviors. However, we identified fair-or good-quality observational cohort studies of asymptomatic adults that prospectively evaluated the value of exercise tolerance testing in detecting asymptomatic coronary artery obstruction (14 -18, 22, 23, 25, 27, 28, 30, 31, 38, 75) and predicting future coronary heart disease events, such as angina, myocardial infarction, and sudden death (8, 10 -13, 19 -21, 26, 29, 32-36, 38 -50) . We also identified 3 good-quality studies that estimated the cost-effectiveness of exercise tolerance testing to identify asymptomatic, severe, prevalent coronary heart disease (24, 28, 37) .
Exercise Tolerance Testing To Detect Asymptomatic Prevalent Disease
We identified 13 studies in 14 articles that examined the utility of exercise tolerance testing to detect asymptomatic coronary artery obstruction ( (52, 53) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Cumming et al., 1975 (54) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Elamin et al., 1982 (55) Diagnostic use in symptomatic patients Fadayomi et al., 1987 (56) Unclear ascertainment of end points Froelicher et al., 1974 (57) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Froelicher et al., 1977 (58) Did not report the total number of persons screened Gerson et al., 1988 (59) Did not report the independent risk for a positive result on exercise tolerance testing Gianrossi et al., 1989 (60) Diagnostic use in symptomatic patients Goodman et al., 1989 (61) Participants had history of cardiovascular disease Gupta et al., 1983 (62) Did not report the independent risk for a positive result on exercise tolerance testing Hopkirk et al., 1984 (63) Did not report the total number of persons screened MacIntyre et al., 1981 (64) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Manca et al., 1982 (65) Did not report the independent risk for a positive result on exercise tolerance testing Mark et al., 1989 (66) Participants had history of cardiovascular disease McHenry et al., 1984 (67) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Melin et al., 1981 (68) Diagnostic use in symptomatic patients Pedersen et al., 1991 (69) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Roger et al., 1998 (70) Included symptomatic patients without subanalysis Rubler et al., 1987 (71) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Selvester et al., 1996 (72) Used a screening protocol that employed multiple technologies Tubau et al., 1989 (73) No adjustment for the effect of other risk factors on the relative risk for an abnormal result on exercise tolerance testing Uhl et al., 1981 (74) Did not report the total number of persons screened
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Exercise Tolerance Testing To Screen for Coronary Heart Disease www.annals.orgalence of abnormal exercise tolerance testing, usually defined as exercise-induced ST-segment depression of 1 mm or more, ranged from about 3% among aviators who were presumed healthy (16) to 29% in a sample of diabetic persons in Finland (15, 75) . A portion of the participants with a positive result on exercise tolerance testing in each study (1% to 60%) proceeded to evaluation with cardiac catheterization. Screening with exercise tolerance testing yielded angiographically demonstrable coronary heart disease, usually defined as greater than 50% stenosis of a major coronary artery, in a minority of the screened patients.
The yield of screening exercise tolerance testing was greater in higher-risk groups. Five studies in 6 articles evaluated diabetic persons (15, 75) , those with multiple risk factors (18, 31) , those with siblings with coronary heart disease (17) and those who were prescreened by using a chest pain questionnaire (25) . In these studies, the yield of screening for angiographically demonstrable coronary heart disease ranged from 1.2% (31) to 9% (15, 18) . Most cases of coronary artery obstruction identified by screening were single-vessel disease, but up to 2.7% of screened participants had significant left main or three-vessel disease (18) and as many as 1.7% proceeded to revascularization after screening (25) . Eight studies screened unselected, low-risk (22) 4900 male soldiers in the Israeli army Ն 39 y; mean age Ϯ SD, 43 Ϯ 3 y; 100% men Angina, heart failure, valvular disease, congenital heart disease, arrhythmia Bruce Ն1 mV of horizontal or down-sloping ST-segment depression or Ն1.5 V up-sloping ST-segment depression Blumenthal et al., 2003 (17) 734 primarily white healthy siblings of persons with CAD diagnosed before age 60 y in Baltimore; mean age NR, but Ͻ 60 y; "primarily male"
Known CAD, limitations that precluded testing Modified Bruce and thallium scintigraphy NR for exercise tolerance testing * CAD ϭ coronary artery disease; CHD ϭ coronary heart disease; NR ϭ not reported. † Percentages were calculated by the authors of this report.
Clinical Guidelines Exercise Tolerance Testing To Screen for Coronary Heart Disease patients (14, 16, 22, 23, 27, 28, 30, 38) . These studies demonstrated a yield of 0.06% to 1.6% for asymptomatic coronary heart disease on angiography.
Cost-Effectiveness
Three studies attempted to estimate the cost-effectiveness of screening to identify prevalent coronary artery obstruction. Sox and colleagues (24) used a decision analysis model to estimate the clinical effectiveness and cost-effectiveness of exercise testing in asymptomatic adults. Their model was structured so that the benefit of screening was achieved through detection of patients with severe disease who would benefit from revascularization. Only direct costs were considered. Levels were based on reimbursement rates at the time of the study (late 1980s): $165 for exercise testing, $3595 for angiography, and $31 178 for coronary artery bypass surgery. No discounting rate was given. Screening 60-year-old men had a cost per life-year saved of $24 600; for 60-year-old women, the cost was $47 606. For persons 40 years of age, the cost-effectiveness ratios were much higher: $80 349 per life-year saved for men and $216 496 per life-year saved for women.
The presence or absence of risk factors for coronary heart disease affected the cost-effectiveness ratios. The cost per life-year saved was $44 332 for 60-year-old men with 
Continued
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Exercise Tolerance Testing To Screen for Coronary Heart Disease no risk factors and $20 504 for those with 1 or more risk factors. The investigators concluded that routine screening was not warranted in general but that it may be beneficial for persons at increased risk for coronary heart disease (for example, older men with 1 or more risk factors). An earlier cost-effectiveness analysis of screening exercise tolerance testing had similar findings (37). Pilote and colleagues (28) performed a cost analysis of data from their study of the clinical yield of screening exercise tolerance testing to detect unsuspected severe coronary artery obstruction. They sampled more than 4000 persons referred to the Cleveland Clinic for screening exercise tolerance testing. Data on cost were obtained from 1994 Medicare reimbursement rates: $110 for exercise testing, $1780 for angiography, and $27 270 for coronary artery bypass surgery. Screening identified 19 patients with severe coronary artery obstruction (0.44% of the cohort); of these, 14 had subsequent coronary artery bypass graft surgery. The investigators estimated a cost of $39 623 to identify 1 case of severe coronary artery disease by screening exercise tolerance testing. The estimated cost per year of life saved was $55 274.
On the basis of these studies, it appears that screening with exercise treadmill testing and performing bypass surgery on persons with severe obstructions is relatively cost-effective compared with other, better-accepted types of preventive care, such as mammography in women 50 to 69 years of age (76) .
Exercise Tolerance Testing as a Prediction Tool for Risk for Coronary Heart Disease Events
Exercise tolerance testing can be used to provide information about a person's risk for a future coronary heart disease event that may augment the predictive ability of traditional risk assessment. Better risk assessment may help clinicians and patients make better decisions about interventions for intermediate-and long-term risk reduction.
ST-Segment Response
Traditionally, studies of the predictive value of exercise tolerance testing on future coronary heart disease have examined ST-segment response to exercise as the risk predictor. Most of these studies reported the total number of coronary heart disease events (fatal and nonfatal myocardial infarction, new-onset stable or unstable angina, and Clinical Guidelines Exercise Tolerance Testing To Screen for Coronary Heart Disease coronary death) as their main outcome. Others reported death from coronary heart disease or from all causes as the main outcome or as secondary outcomes. The mortality rate from coronary heart disease, and particularly the total mortality rate, may be less subject to ascertainment bias than is the total number of coronary heart disease events and hence may be more valid measures. However, whether from coronary heart disease or other causes, death is uncommon in the generally healthy, asymptomatic patients enrolled in these studies, making it difficult to estimate the ability of exercise tolerance testing to predict such events.
We identified 15 studies in 18 articles that examined the relationship between ST-segment response to exercise and risk for future coronary heart disease events (Table 3 ) (8, 11-13, 19 -21, 26, 29, 32, 33, 36, 39 -42, 45, 50) . Thirteen of these studies (in 16 articles) found that STsegment response during exercise predicted future coronary heart disease events (8, 11-13, 19 -21, 26, 29, 33, 36, 39 -41, 45, 50) . In 1 of these studies, only coronary heart disease events occurring during exercise was considered as the outcome (12); we therefore excluded it from analysis of the predictive utility for coronary heart disease events. Two studies found that ST-segment response to exercise alone did not predict future coronary heart disease events (32, 42) .
Of the studies that found ST-segment response to be predictive of future coronary heart disease events, 6 (published in 8 articles) selected persons for participation on the basis of the presence of 1 or more risk factors: diabetes (13), multiple risk factors (8, 33, 39, 50) , hyperlipidemia (26, 41) , and sedentary lifestyle and obesity (29) . The prevalence of an abnormal result on exercise tolerance testing, usually defined as ST-segment depression of 1 mm or more, ranged from 12% to 52%. After adjustment for other risk factors, the independent relative risk for coronary heart disease events associated with an abnormal STsegment response to exercise in these higher-risk groups ranged from 3.5 (8, 50) to 21.0 (13) . Sensitivity for occurrence of coronary heart disease events over the duration of the studies (3 to 8 years) ranged from 30% to 100%. The positive predictive value of an abnormal result on exercise tolerance testing ranged from 7.1% (26, 41) to 46% (29) .
Seven studies (published in 8 articles) found ST-segment response to exercise to be predictive of future coro- (11, 21) . The independent relative risk for coronary heart disease events associated with an abnormal result on exercise tolerance * Events are CHD events unless otherwise indicated. BMI ϭ body mass index; CAD ϭ coronary artery disease; CHD ϭ coronary heart disease; CVD ϭ cardiovascular disease; HDL ϭ high-density lipoprotein cholesterol; LDL ϭ low-density lipoprotein cholesterol; MET ϭ metabolic equivalent; NA ϭ not applicable; NR ϭ not reported. † CHD death. ‡ All-cause death.
Clinical Guidelines Exercise Tolerance Testing To Screen for Coronary Heart Disease testing ranged from 1.6 (40) to 21 (33) , with the majority of the values between 2.0 and 5.0. Gibbons and colleagues (33) reported a higher relative risk in low-risk persons (21.0) than did the other investigators; however, the absolute event rate was low (0.08 to 2.8 events/1000 personyears) and the confidence interval was wide (6.9 to 63.3). The sensitivity of exercise tolerance testing for coronary heart disease events was 10% (45) to 70% (11, 21) . The positive predictive values ranged from 2.2% (33) to 24% (19) . Two of the studies added nuclear perfusion imaging to exercise electrocardiography (19, 32) . These studies reported positive predictive values of about 50%. However, imaging is likely to increase screening program costs (19, 32) .
As might be expected, the sensitivity of an abnormal result on exercise tolerance testing decreased as the duration of follow-up increased (r ϭϪ0.56). Data from these cohort studies suggest that the majority of asymptomatic persons with an abnormal result on exercise tolerance testing do not go on to have coronary heart disease events, at least within the time frame of follow-up. Persons who do have events often develop angina rather than experience myocardial infarction or sudden death. The prevalence of an abnormal result on exercise tolerance testing and its predictive value among asymptomatic persons are greater in those at higher risk. These data are consistent with those of other investigators and policymakers who have suggested that the value of exercise tolerance testing is greater when it is applied to patients with 1 or more risk factors for coronary heart disease because selection of a higher-risk cohort for screening increases the prevalence of disease and positive predictive value (10). Bruce and associates (10) reported that in the Seattle Heart Watch Study of 4158 asymptomatic men and women, a positive result on exercise tolerance testing in the absence of risk factors provided little predictive value. However, among patients with 1 or more other risk factors for coronary heart disease, the occurrence of 2 different types of abnormal response to exercise tolerance testing (exercise risk predictors) was associated with a 15-fold increase in risk compared with patients who had a normal result.
Other Exercise Predictors
More recent studies of the value of exercise testing in asymptomatic persons have examined the utility of other exercise-associated risk markers, including functional capacity, chronotropic incompetence, heart rate recovery, and development of exercise-induced premature ventricular contractions, for predicting patients' risk for coronary heart disease events or death (Table 4) (21, 34, 35, (42) (43) (44) (45) (46) (47) (48) (49) . In contrast to ST-segment response, these exercise indicators may not directly detect ischemic myocardium, but they probably indicate other cardiovascular derangements, such as abnormal autonomic regulation, that predict coronary heart disease events. In general, these findings are associated with moderate increases in risk for coronary heart disease after adjustment for other risk factors for coronary heart disease (relative risk, 1.7 to 3.5). Some factors are common: For example, failure to achieve target heart rate was noted in 21% of patients in the Framingham Offspring Study (44) .
Exercise Tolerance Testing in Women
Two recent studies contribute important information on the predictive value of exercise tolerance testing in asymptomatic women (42, 43) . The majority of other studies that we identified did not include women or did not provide subgroup analysis of the predictive value of screening exercise tolerance testing for women. Mora and colleagues (42) analyzed data from the female participants in the Lipid Research Clinics Prevalence Study, many of whom had hyperlipidemia. They found that unlike in studies whose samples comprised predominantly men, STsegment response did not predict future risk for coronary heart disease events (relative risk, 0.88 [95% CI, 0.48 to 1.61]) in women (42) . Low exercise capacity, along with low heart rate recovery after exercise, was an independent predictor of death from coronary heart disease (relative risk, 3.52 [95% CI, 1.57 to 7.86]) and of all-cause death (relative risk, 2.11 [95% CI, 1.47 to 3.04]) in women.
Gulati and coworkers (43) sampled asymptomatic female volunteers living in the Chicago area. They found that exercise capacity predicts risk for all-cause death in women. For every increase in exercise capacity of 1 metabolic equivalent, the relative risk for death was 0.83 (95% CI, 0.78 to 0.89). The predictive utility of exercise markers other than ST-segment response in these 2 studies of women is consistent with the results of similar studies in which most participants were men.
Exercise Tolerance Testing before Beginning an Exercise Program
Exercise tolerance testing is frequently used as part of an evaluation of middle-aged persons before they begin an exercise program. Few data are available to determine the effectiveness of this approach in reducing the risk for activity-related coronary heart disease events. Siscovick and colleagues (12) analyzed the effectiveness of exercise tolerance testing to predict activity-related coronary heart disease events in the Lipid Research Clinics cohort of asymptomatic hypercholesterolemic men. After an initial exercise tolerance test, the cohort was followed for an average of 7.4 years; during that time, the investigators used retrospective record review to identify coronary heart disease events that were associated with moderate or intense activity. The cumulative incidence of activity-related coronary heart disease events during follow-up was 2%. An abnormal STsegment response to exercise at the time of entry into the study was associated with a relative risk of 2.6 (95% CI, 1.3 to 5.2) for activity-related coronary heart disease events. The sensitivity of exercise testing for predicting the events was 18%, and the predictive value of a positive test result for coronary heart disease events during exercise was 4%. Of the persons who had an activity-associated coronary heart disease event, 80% had an initially normal STsegment response to exercise; 94% of persons with abnormal ST-segment response to exercise did not have an activity-associated event during follow-up. Thus, exercise Clinical Guidelines Exercise Tolerance Testing To Screen for Coronary Heart Disease testing appears to have limited ability to detect persons who will have exercise-related coronary heart disease events.
Adverse Effects of Screening Exercise Tolerance Testing
Other than information on the frequency of false-positive results, we found no studies that examined the potential harms of screening. No study reported rates of complications from angiography of asymptomatic persons, measures of anxiety from knowledge of an abnormal test result, or adverse events from medical therapy initiated because of an abnormal test result.
DISCUSSION
We identified no randomized trials that examined the effect of screening exercise tolerance testing to guide management and improve health outcomes of coronary heart disease or affect the use of risk-reducing treatments in asymptomatic adults. Exercise tolerance testing of asymptomatic persons rarely detects previously unrecognized, clinically important coronary artery obstruction (up to 2.7% of screened persons). It does provide some independent prognostic information in at least some persons (relative risk of about 2.0 to 5.0 for coronary heart disease events associated with an abnormal result) above and beyond the prognostic information that can be gained from traditional assessment of risk factors. The effect of this additional information on clinical decision making, however, has not been studied. The potential benefits of screening exercise tolerance testing are likely to be small for groups in which the prevalence of the disease is low, such as young adults; such screening would also produce many cases of false-positive results. In such cases, the costs and harms associated with additional testing may exceed any benefits from screening.
The value of screening exercise tolerance testing rests in large part on the underlying incidence of coronary heart disease events and the prevalence of serious artery obstructions in the screened sample. Exercise tolerance testing will probably perform better when applied to higher-risk groups, such as persons with 1 or more risk factors for coronary heart disease. Selection of a higher-risk group for screening increases the prevalence of disease in those screened and, thus, the predictive value of a positive test result. Whether the benefits of such tests exceed the disadvantages, including costs, in higher-risk groups is still unclear at present and requires investigation.
For persons at low risk for coronary heart disease events, a positive result on exercise tolerance testing is much more likely to be false positive than true positive. False-positive results in this context are concerning because they can lead to unnecessary, and possibly injurious, additional procedures.
Screening has been advocated for people with highrisk occupations, but we did not identify new studies on the effect of screening such patients. Data from studies of patients with known coronary heart disease but no ischemic symptoms suggest that treatment with medications, such as ␤-blockers, or revascularization can improve outcomes over no treatment, but whether patients with no history of coronary heart disease would have the same results is unclear (77) .
Exercise tolerance testing can be normal or nondiagnostic in an important proportion of patients who will experience a coronary heart disease event, as evidenced by the sensitivity values of 10% to 74% in the studies that evaluated ST-segment depression as a risk marker ( Table  3) . In a defined cohort of low-risk patients, a larger absolute number of coronary heart disease events occurs among those with an initially normal result on exercise tolerance testing than among those with an initially abnormal result. The suboptimal sensitivity of ST-segment response for predicting coronary heart disease events may be explained in part by the fact that ST-segment depression on exercise tolerance testing detects ischemia from obstructed coronary arteries, but many acute coronary heart disease events result from sudden occlusion of a previously nonobstructed segment of artery (78) . Use of other measures from the exercise test that are not as dependent on identification of atherosclerotic obstructions may mitigate this dilemma (79) .
The primary tangible harm of screening exercise tolerance testing is the potential for medical complications related to cardiac catheterization done to further evaluate a positive result. Coronary angiography is generally considered a safe procedure. Of all persons undergoing outpatient coronary angiography, however, an estimated 0.08% will die as a result of the procedure and 1.8% will experience a complication (80) . Complications of coronary angiography include myocardial infarction, stroke, arrhythmia, dissection of the aorta and coronary artery, retroperitoneal bleeding, femoral artery aneurysm, renal dysfunction, and systemic infection. Rates of complications are likely to be somewhat lower in asymptomatic persons, but no good data are available. A positive result on exercise tolerance testing may also be an impetus to initiate risk-reducing therapy; hence, another potential harm of screening is use of such therapies as aspirin or statins to overtreat persons who would not otherwise require treatment (that is, would be considered low risk) if they did not have an abnormal result on exercise tolerance testing. Other potential harms, including the psychological consequences of a false-positive test result, also have not been well studied.
Our findings are consistent with those of the American Heart Association/American College of Cardiology expert panel, which also examined the effectiveness of screening exercise tolerance testing (33) . They recommended against routine exercise tolerance testing in asymptomatic adults because of concerns about the positive and negative predictive value of screening exercise tolerance testing and the potential harms of false-positive results. The American Heart Association/American College of Cardiology found
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Further studies are required to determine the balance of benefits and harms of screening exercise tolerance testing for patients with different degrees of risk for coronary heart disease. An adequately powered randomized trial of screening exercise tolerance testing compared with management based on traditional risk factors would greatly inform clinical decision making. Such a study should compare a traditional global coronary heart disease risk assessment tool to a screening strategy that also incorporates exercise tolerance testing. A broad spectrum of patients should be enrolled, including a sufficient number of women. Studies examining how providers and patients actually apply the additional information from exercise tolerance testing will also be helpful. Finally, better information about the adverse effects of screening is required if researchers are to perform well-informed cost-effectiveness analyses of exercise tolerance testing screening plus risk factor-based decision making compared with risk-factor-based decision making alone. 
